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(57) Abstract 

A portable satellite 
phone is integrated into 
a communication system. 
The portable satellite phone 
forms a highly directed 
beam toward a satellite 
and adaptively maintains a 
beam to track the satellite as 
the portable satellite phone 
and/or the satellite moves 
relative to each other. A 
communication system based 
on the portable satellite 
phones may link a portable 
satellite phone with either 
another portable satellite 
phone or a ground based 
communication system 
connected to conventional 
telephone stations. The 
portable satellite phone 
includes a steering 
information detector or 
both a steering information 
detector and a proximity 

Sm^tion detector hasTbf aring sensor, an attitude sensor and GPS signal receivers for position detection. The portable satellite phone 
abo^ that contains the positional information of all potential communication satellites. The proximity detector detects 

obiects that may interfere with the antenna beam. The proximity detector includes infrared sensors, sonar detectors motion detectors and 
2*5 devicT: L^ESnine a range and bearing of objects that may interfere with the 

interfere with the antenna beam, an alarm may be activated to warn the user and/or the object of potential harm from the electro-magnetic 
energy transmitted by the directed antenna. 
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PORTABLE SATELLITE PHONE FOR 
COMMUNICATION WITH DIRECT LINK TO SATELLITE 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to communications using a 
satellite network. 

2 . Background of the Invention 

10 Currently, mobile communication terminals such as 

cellular phones wirelessly communicate with base stations 
which in turn may connect a call to geographically distant 
locations through satellites. However, when cellular 
phones are too distant from a base station, a 
15 communication path cannot be completed between the 

cellular phone and the base station leaving a caller 
undesirably stranded without ability to communicate. 

Conventional cellular phones cannot communicate 
directly with satellites when too distant from the base 
20 stations partially because the power reguired to reach a 

satellite is beyond the capability of a cellular phone. 
In addition, if sufficient power is available, the 
electromagnetic energy output from the cellular phone 
antenna 'may "be harmful" to the "user of" the "'cel'Iular phone 
25 ' as well as HW' o£he 4 lrs vi •w , ho c ' , We^ft< u ^&sfe proximity to the 

1 -^'ellular phone <;:-r->M ^ -wmi > 'i •;«:? t.v* v/.». . ,,->ir*-? v > ; ^ » i -:x.-'> 

S ; UMMARY,„OF THE INVEN^ON ., . 
This invention provides a por^able.-.satellite phone 
that communicates . with Jsatellit^s,.^t'r^ctiy . The port§l?Xe 
30 satellite phone' mayjor^ a highly directed beam toward, .a 

satellite andh^adaptively maintains ^.'ibeam to track '/the 
.' satellite as the, - portable satellited pfipne and/or ;tHe 
. ■-../, ^ ^satellite moves relative!. to each oth^x . ..' ' 
V.. / : ;v ;'■=' An exemplary, embodiment of a .^communication system 
35 -may link a portable*! satellite phoae . ...with! either another 

portable satellite phone or a communication 
system connected to' conventional "telephone;: stations . When 
a user of a '"'"portable -• '< satellite prione 'Sdials a ' number 
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f t .-- corresponding ! to another f porta,ble satellit.e .phone, the 
.satellites; of -a satejlite; j#e.twork identifies, a destination 

■ < w satellite^ .that car} reach,, the- called . party's, portable 

. , satellite phpne. • <■ . . ( 

. • . . jThe called party, Vs portable, satellite . phone 

-I. remains, [in a, standby mode and 1 ; receives .an alert signal 

■.. L from, the, :.destinationv : satellite .-indicating that a. call is 
pending. - The> cad Led 'party.. ' : s, portable, satellite phone 
alerts the called party and if the called party answers 
the call.,.! , the!;.; called, party' ;sv portable satellite phone 
directs an, : antenna ; beam tovard;othe destination satellite 

: to.icomplete the vComipu-nA^ation .path -between j the. calling and 
called parties. -^iv- ,^ •■ ; 5 , . 

The , .portable satellite ..phone . fprms a directed 
antenna beam toward a ... satellite by -determining the 

... i positions of, ; t;he -Scitelliter a-nd :a. posit ion/bear ing/attitude 

. iof ;the>-porta.ble f , satellite; .phoije . .% .The portable satellite 
phone includes . a a steering information. t detectQr. that may 

• , include a gyrocompass, : .-a plumb , line, an attitude sensor 
and-iGlobal Positioning ^System! (GPS)/ signal . receiver. The 
s i portable satellite^ phone also,: includes ^ database that 
contains information of the posit iorts-. -of all- potential 
• communlcat)ion-*.r.sat ; e;llates ,,;and- r a ..schedule {of appearance 
within a range of the portable satellite phone An . antenna 

. .. .controller ... ; receives, r- information - : from- , the steering; 
information detector and the information from the database 
to determine the , direction of the directed antenna beam. 

The portable satellite • . phone also includes a 
proximity detector . that* detects objects that may interfere 
with aijr antenna-, beam formed by- the portable, .satellite 
phone. The proximity detector may include. ■■ infrared 
sensors, : sonar detectors, .motion detectors and optical 
devices: to- determine, range and.; bearing of -objects that may 
interfere with the antenna beam,- _ . If. .an- object is 
detected - within' a \ predetermined distance of the antenna 
beam, the antenna controller may alternatively reshape the 
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antenna tfeani^to- avoid the object, redir-edt'-' ' the antenna 
beam A to a' ■ * different- ^sateQ-Uite- i to 1 -avoid 1 > the i 6b j ect , or 
reduce- ; the' power ^output of^ th6 antenna ^-bearrV * to-: 1 prevent 
harming the object. Also, the antenna - 'controller may 
activate - - an alairm 1 ft to warn the user of'i^the portable 
Satellite- phone 1 arid/o£< the ^ object ; - of 'the ■ potential 
interference * of - thte 1 *antfenn^ beam arid pks^ible ■ harm-' from 
■ . the "e'lectro-magnetici energy tmhsmitted by the directed 
'antenna v.; - - ' • » • r — ~ J - i "' > " ; " ri : f • v : ' 

M . ..' ! . ... - BRIEF': DESCRIPTION dF^ TH'E DRAWINGS 

■ - The*-; invention- ^is • described - in- • detail < with 
reference ! td the following dr&Win'g'Sv wherein' like'^numerals 
represent like elements and wherein: j ; ■ i f - 

FigV 1 is a diagram of communi cation system 

using direct satellite links; ^ 
• - \ - : = ' ; -Fig.- 2 : -i f s- a; diagram bf a- 'portable 1 satellite -l^hone 
' * communicating *<~Via '^tfellite^ with - : 'a - Ni grouhd • based 
'cdrfimunicatidn system';' '•' ■ - i, .,fi ' ■ ^ or .K;^ 

■ . : : Fig. 3 is-'t.Q diagram * of - a- -portable satellite - phone- 
communicating i/with another portable- satellite p>hone.; 
: :r 1 r i Figs ="v:4A>- ! .4D - show ^ a f an' beani J." rand- the; fan,;, beam 
"dro'ss-sections ;- ' 1 ■ •'• >T l6in:to*i o i - ru. ^ .vol^: . 

:< Fig J 5* is a diagram showing j,possible:..communication 
<* ! sat ! ellites; , ■ i! - ■ *' - l - ; ; ! e: - : ""' , 9 li ''' 1 ; '- / -" ; - 

. r •• Fig . 6 • is a block diagram-vof a : portable .-satellite 

phone 4 unit; : ■ ' ■ 4 1 i! ^ :i< > — : 

■ : Fig . ' 7 • - -is - k block - diagrarri r.of *"* - a r steering 
information detector; : : • <:;.; : : 

- r: : : ;•,.*! Fig. 8A * sh6ws : ; a diagram^ of a portable satellite 
f : v phone having a ' ; fdlded 'planar 1 - phased array directional 

antenna;'-' . ,;i -■■ 

-Fig. - 8B shows a folded' planar antenna, phased array 
'-that ' may i be -used 'in the; > portable; : (satellites phone -of Fig. 

;8A; > Fig. 8C showsn. a- \ relationship of: .a shield-to the 
refolded planar antenrta . phased > array of i Fig c- *8Bv : - 
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; Fig : . ,, : 9A shows .^^portable satellite ;;phone:- havAng a 
volumetric-; phase arrayadir^iCtional. antenna;; <•-'■-. 
. * - 5:ig,.- : 9B • : : shows \- : ~A}j ! cylindrical*; volumetric \ phased 
...ajriray antenna that may be jused with the 1 portable -satellite 

..... phone shown ;in Fig;. 9A; . . .■ »; t - t [ n \ .•. -.0 

■ - . «F;ig. 10 .shows a diagram of a f portable satellite 

phone ■ having a hat phased) array, antenna; • ■ « 
\ Fig., 11. .is. -a block-diagram of sensors- for a 

proximity, ^tector; . - ; . - } ,i , » >.-. 

■■ Fig. 12- As airlock diagram; of an alarm device; 
,.;Fig.y |;13 - : ; is 4 - ..a block diagram- 1 of-i-ian . antenna 
controller ,pf the^portable,-, satellite- phone shown'; in Fig. 

Fig. 14 qhows ..a -flowchart: , for ./a communication 
.process using portable /satellite phones-.; 

. ; >. Fig.. 15.- shows ■ a p.ortable satellite phone 'changing 
>[' communication paths?-. between two satellites by snapping the 
...antenna .beam from one, satellite to another satellite;* 

•« Fig-. 16 .shows, a -portable . 'satellite phone" changing 
■ r communication _pat;hs ' from one . satellite to.* another 
satellite by forming < :a brddging. ibeamr; 

• ; ; J* !. i ' Fig.- 17-nshows. a .process of . .--the .-portable satellite 

phone fbirming. andwjadaptively .' maintaining an antenna beam 
f directed at a: satellite; . ^ i : . ■ ' 

. : . : ; . Fig.- A8 .shows ^a portable.-, satellite- phone < process t 
for responding to ob jects . that -interf ere ' with a beam path 
■'•■of- the .portable- satellite phone; , and ■ . . , 

• * Fig. 19 iis a diagram of a communication ^ system^ 

that includes . phased v-a'rray" antennas ; that ^ are,* mounted on 
1 fixed structures . ' ■ 1 . . • ' . ; . i ., ■ . 

•- DETAILED DESCRIPTION OF THE i PREFERRED: ^EMBODIMENTS 
: - Figure 1".- shows' a ' communication . 'system that 

includes portable. satellite phones 102- ; and 104 
\ communicating with » a i satellite network 100.* The- portable 
' satellite -phones 102: -*and . 104 form antenna beams 106 and 
: 108 that-, are - directed toward- satellites* of *>the * satellite 
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network ! 1|00.- ' Th'fe- portabl^^ls^tellite phones- 102 and 104 
receive Global" ViPositiorii^g ' v Sy_stem (GPS)' sighials v 110 
through -GPS receivers 1 'included In : the portable satellite 
phones 102 /and 104 n ■ 5 ■ -'Satellites of • ^the 1 - ^'satellite 
network 100 . may communicate with calling* and -'called 
parties directly through the portable satellite phones or 
through a ground" 5 abased communication : network ; 200 to 
complete- a communication path. Whether 1 a i called party is 
reached through either the portable' -sa'teiUdte phb'he 102 or 
10'4- orr-thfe 1 ground- based commhriica-t ion '.network 200 is 
determined ' by known methods such- 1 as - -specially assigned 
numbers. - 'If a conventional' telephone nilmber is 'used, the 
ground based communication network 200 may connect to 
terminal 202 : (which" > toa-y 'be -a telephone station or other 
devices such as-, a facsimile ^device ) or {to- mobile units 20-4 
.such . a'S' cellular -phone's. .to r^ach thd J called i iparty . ^ 
i'.-.:-:; When a : calling wpartyw tis.esf: rfcJhe; portablerfsfatellltd' 
phone >102 -^and* rcalls ~ a : -called' 'party::- by r dialing a 
conventional telephone: number,. '- the portable satellite 
phone '102 selects a satellite- of = t'he ' satellite TOtwo-rk 100 
and forms an amtenna « i .beam' directed' to '-the 1 - selected 
satellite, ^ as • shown in-- Fig. 2 v .'^f'ThdV. selected satellite 
either directly or^ :i through -*:;-bt-hdar:b s;atie Vili±es= • of the 
satellite network 100 links i: : ' iWQrxz -t ^- crrdund ' based 
communication ' .. rtetwod-k; - :2.00.; tby^wwell 'vk:.-:^:';- methods and 
completes the " communication : ;path " k'^w^orv' ;the portable 
satellite phone . 102 a»nd : a i .. t£lephor*' r d: la t ion: : such as 
. terminal- 2.02, of the-: called party - th^t.' : Coupled to the 
ground -based ibommunicatdon • network 20 C; . .»!.... i : . - ' 

When the calling party dials *j riurr.o'c-r. assigned to 
'the M - portable '[' satellite j- phone j M'0'4 ' forTA example, the 
portable satellite phone. 104,: is 1 ; alerted of the call by a 
destination rsatellite.- . of ! • the: satellite , network. - 100, as 
.- shown: in ... Fig-, i.,3. ■->.. The' destination satellite., and the 
'.selected .satellite .= may ; be. ; cthfe". . ! . .same.".-, satellite . if the 
/portable r - satellite phone^l.OA is,.reachable : by. .the.- selected 
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, ■ .,satietllit^ JP ._.-. Otherwise, . fetafe selected satellite* must "-'link to 
:1 :.-.t-he destination ; .satellite:-,. . (perhaps through yet '-.other 
- . f t satellites:);, to rComplet.eV; ~. the . communication path to the 
: jellied party!, s portable satellite; .phone i ---104*'.-i Normally, 

the . portable,, ; satellite .phone : : i04 . is- placed in a standby 
-mode and may receive .-a ler-t, si gn'als fxom satellites serving 
.... the geographical .area where - the/ portable ■ satellite phone 
; ... 104 is, . located. When / the < iportable^ < satellite phone 104 
. . detects ■ an alert; signal [from -.the < destination satellite, 
the portable satellite . phone 104 alerts the called*' party 
. that an inqoming ,-. ca : ll is n received . When the called party 
• activates the- portable s&telli'tfe- phone • 104 by" turning it 
on, the portable satellite :phorie 10,4 forms an antenna beam 
directed tat the< destination - satellite arid; establishes a 
. connection- to complete Ithe call, '. ! . 

* > The w portable..; satellite ■ .phones : 102- 1 and 104 
. j i communicat.e vwith.n /satellites : directly ; --by f orming - highly 
directed antenna ^be^arris directed • at a' specif ic' satellite. 
.In this <way r . the, .amount ; : of power required to communicate 
r : , . with ; a ! satellite., dsv.ceduced.i r.In ^addition/ '• because the 
.m electromagnetics le.Herg^ is^concentratied: in a 1 narrow antenna 
beam, the area affected by the electromagnetic energy is 
j .-.ji. . reduced,: thus reducing the ; possibility of harmful effects 
; ■ : to- . persons , that- rAay ,be ;'in! tihe neighborhood of * the-- portable 
' .'-satellite; iphonev. -r- 1 c-.v. : . , > r 

■ -The- portable : satellite phones 102 and'' *104 must 
accurately determine- their individual' position/bearing- 
attitude -.and- the position of tih& 'selected or ' destination 
satellite to. K-;ff<orm J ; the :■• antenna 1 beam.' The' "portable 

.satellite} phones. ,102r and 104' determine- their own-^positions 
(latitude.; . and' longitude);:., by sen's ing ^ GPS signals 110 
: transmitted -by . either. GPS- satellites or 1 satellites of the 
satellite network iO.'O...-. ; 1 , - ; ■ \ ; . . 

- 1 1 *• The portable satellite -phones 102 -and 104 include 
>a database ^of- > ;s a tell iter-, .positions and =a schedule •of-' when a 
specific 3a : tellite -maiy . be ; within the' rari r ge of : the' portable 



WO 98/29968 j 



PCT/US97/24170. 



7 

satellite , phones- 102 ■; and- l<0-4 . , - ; The -portable' 'Satellite 
•phones .. 1Q.2- "-faind 104. include 1 blocks ■ so-^thar adcurate 
satellite ;po'siti:ons may beJ determined at any -time Thus, 
the portable, satellite; rphortes 102 and 104 r may be- able to 
determine «.trhe! positions of ^possible satellites' that can 
provide! the • desiredfip ' communications lihks.* *■' -Also, 
^alternatively , satellites may" transmit a tracking signal 
or .'specific position; information to Assist' the portable 
- satellite phones 102* and".104 to'lbcate a satellite' s ; exact 
> .position.- . • .-. ''• - 'or ? n i. ; 1 : « . • 1 1 

. a f =. ; Ln addition * vto- -their 1 position, :■ the portable 
satellite \ (phones.: . 10.2 : land- 104; - f /determine > -a< bearing 
(direction such as oNorth,.> ' » South/ 1 ''East - or West)- and 
.attitude (direction ^relative; . to vebtical) .J of the portable 
satellite phones 102' • and 104v Based' • oh the 
positions/bearings/attitudes, of - . efche: { portable satellite 
. ; .phonea;. L02 and \ : 104- - and the ■ positions) - of ' the> ' satellites7 
: the portable .satellite - phones -102- iand 104 determine the 
exact relative* position between; = the* ' ■ porta'ble - satellite 
phones: 102- and ...104 and. : the ^selected/ d^stina-tion Satellite 
■ so that, an antenna; beam "may be ; "formed directed * : at the 
. r. desired ?safeellite . ; - L- v,; )-:-,ry:\'i^ si/.is • •■*' '* .:>!->..: 

: . For , less * . expensive ] versions cof'i the : portable 
; satellite phones !- 102i artd .• ,104 \ -bearding ^and~ ! attitude 
detection could be omitted. For these 11 * ^simpler - portable 
satellite phones, 102.. and- 104, - th:ea; portable satellite 
phones, 102 * ;and - i!04, must be > positioned; eso that, an.' antenna 
beam may be directed: ito a satellite for communication. In 
- particylar, the <portable;:.satellite iphones 102 and 104 may 
. be-, maintained 5 in an. ■ erect or fvertical position and need be 
orientated approximately in a .proper bearing* to allow the 
portable; satellite phones. 10.2 * and' .104 to form an antenna 
beam toward a satellite, for example.. > . ■ " s • : ■ . 

, *,; iv.For - thi5 -simple i base, -> based on .-the geographical 
position - -o£.. the . portable ^ satellite- ^phones 1 ' 102 = and 104 
determined -from the- GPS: .position. ^coordinates, ..the • portable 
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satellite -phones 102 *ahd'i 104 may ^ indicate to- the user 
which bearing to orientate' the portable I satellite phones 

" 102 and' -104 : - For <example';.-the portable satellite phones 
" 1102 arid ■■■ i r04 i ' -may have four ( LEDs to ihdicate North, h South, 
East and West or even finer ^ve'n more' 'precise' indications. 
1 ' 'For the above lower 1 cost -'embodiment , 'the portable 
•satellite phones 102' a'nd ^104 may '- 'form ' a fan beam 120 
having generally rectangular or elliptical cross-sections, 
as shown in Figs. 4A-4D using ; -portable satellite ' phone. 102 
"• as an example.' The*- i f an beam* is directed : a't 'an 1 -elevation 
angle determined by ; the* GPS ■ coordinates ! ; of the portable 
satellite- -phones 102 arid" 10-4 and the satellite 'position 
and has a-fan' angle 1 that provides a large- relative- bearing 
range between ;i the ' satfeliite , and the portable satellite 
Phones' 102 and 104 . . The fan ■ angle -may be any value limited 
only by, the i user' s body/ (head) so that physical ■ 'harm from 

- r " -exposure to : the ■fah--beam is 'avoided, —A 'fan angle '.^arige of 
about BO' to 120 -degrees would be preferred: -Thu-S, the fan 
f beam 1 2 0: permits 'the* portable satellite phones ; 102 and 104 

Jt to cdiMunicate ; 'With< a ^satellite without depending on exact 
■ " 'bearing arid 'att'iturde ^information;; <- l <> * 

: ' J " ' : ' When' -the 'above-' low ' ctost ' '^embodiment is turned on 

- * : and ; ! 'the ! fan "'beami - rfeacrtes ' : a ' 'satellite, ■ a - dial.' tone is 
- generated - td li ' indicate' v to ' the user vh : n\ * communication 

'* ''path is' ! established. ••Howevfer;; if>. a • « v*i lite cannot be 
reached,-' a ' dial : tone ' i£ not genera:^-'. The 1 user may 
reorientate ! the portable satellite phone*: * : (?/:• and 104 in a 
-different 1 bearing'' - until ; ' the corfunur. i cs : ion ■ path is 

• • established and' a dial' tone is genera tea . ' ».■.-/ : 

1 ' ' The"' portable* ' satellite -phone:. • I-O:- and '104 are ' 

provided with proximity detector s-i ' When * arr bbj^ect , such as 
a person, comes within ; - : a ^predetermined- distance of the 
antenna' beam and/or the portable satellite phones' 102 and 
10'4, the portable- 's-atellite phones ; 102 * and>104; may either 
reshape' 'or redirect' the antenna" beam to avoid -the* • object' 
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or reduce <the. : *. transmitted; power of the, ■ .antenna ■ beam to 
avoid ; causing harm 'to the ..obge.ctfy • ! m- ; ■...,-« i.;-- 

. : In addition,, .the < po^tabl^ satellite phones 102 and 
104 may ,>also> . activate an;nalarm; ; to .warn the ^object o^r the 
user. ;of. the ' portable^sateLlite phones 102 >and' 10i to ; avoid 
the antenna, beaim,.' When.- a .user of .the portable satellite 
phone 102, for : example, imoves. the portable satellite. .phone 
102 in an; orientation where the f antenna . beam, . is blocked by 
the?: user ; or - objects that , . cannot /be moved/, the, portable 
satellite phone = 102;;may t - u-se „the : alarm to request the user 
to reorientate .the. portable; /satellite ;phone 102 so that an 
antenna, [beam - may; he. property direct e.d . away; from the 
interfering object and-. toward th0./desi^ed: ; satellit : e ; ; , 
• . ■* Figure 5 i shows, pos'siible-,-. communication satellites 
. that .t may 'be -a: part., of the.] satellite :. network-. ,1PP^ *A 
* ge;oS;ta.tio;na^ry ; earth, orbit;. (GEO) ...satellite > .304 ; is -^a- 
: f gateiaiite that /is placed/ in ;an !: 0£bi4^ so- -that* th$ . ; ,s^telli#e 
maintains a f ixed-. posit io.fi r£§lat ive^to ■ the .surface, of the 
1 earth 300. A -.medium, altitude, .earth :0;rbit. v f (MEO) . and low 
■ altitude earth -orbit .(LEO)- .satellites ,306 , an.d,. ,308 are 
satellites that may be. , inr-motoiffn ,,r^lativ.e ; ,tp -the, , surface 
pf t^he ear.th.;: t ,! These - satellites, .ar.e closer^ £p the surface 
, ;0 f- the .earth ,300; -as. - compare* : to , the-.^EO^ satellite, : , 304 . 
-- Because of the shorter., distance^, tp,,, j:he* ■ sur^ce ,of the 
earth 300, ■ less ■ : power. -..is ,.;e,quir ( ed . to ; establish 
communication • usijig. the MEO , t and LEO • s , : however,, the 
portable satellite phones 102 ; and - r lp4 s must -.account ,fpr the 
. changing positions of ., the \ s^tell^ites ,.,/and .occasionally 
transition from a .first' satelLitje to tji a- second ; satellite 
;wher> . the first- y satellite . po,siti-pn. moyes ; . put of range of 

the portable, satellite phones 102 L ,and 1:04*. ; ; ... 
: . : A .highly . .elliptical prbat ,(.HEO) satellite 310 

forms -an : elliptical orbit, around the : earth- 300 .as, compared 
. , .,to,.jthe- approximately .circular, orbit, formed ..by the: other 
satellites- c _ A ; , GEp-hel^p ^ synqhj^onpw-s. ,o.rbit • .(BradCo) 
satellite 311 is positioned in an orbit around the sun 302 
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r *' r . and main tai'ifts a : fixed '^okitioh relative 1 ! to' J the earth 300. 
'■"-'■An intermediate* 6i'rculaf ' J orbit ( ICOV -satellite < ; 312 is 
- positioned In a circu-l'air' 6 ; rb'it around the' earth 300 at an 
altitude in '^between the MEO ; • and I LEO * 306' and 308 • and the 
5 J "GEO '304 ' satellites. ■ All of 'the above- Satellites 304-314 
' 'i " may be utilized to forirT ; the satellite network'100 . 

■..';.■■")!.- Figure 6 > shows a* block- diagram- of the portable 
^ - satellite ' phone 102. Th£- portable satellite- phone 102 
: includes an antenna < - controller' -400 'connected 1 to a 
10 directional antenna 402. A steering information detector 

404, * a proximity detector' 40'6, an alarm 'device 408 and- 
: * other- ^ortabl^ satellite : phone : ^element s *^4 10 - are all 
coupled to* the ; ant'enna- eontrblfe 400: ' : " 1 *■ ; 

1 : When ; ; the :, anten ! h'a controller 400 receives an 

15 'instruction from' th^ : ! other portable' satellite "phone 

elements 41-0 to j establish' communication with' the'"- satellite 
5 : network L 100; ' " th : e i antWnna ! v contr611 ; er '400 sele'cts a 
satellite- of : the-' satellite "neit^ork ; 100 ! and 1 determines a 
.position of tfce satellite • by consulting the' database 
20 contained in the portable : satellitfe phone 102';" The ; antenna 

■ ■* cdntroll^t 400 "may - also 1 - select a satellite- 'by scanning for 
• u '" : available sa't^ll^i'tes'- within reachable- range. " A set of 
1 *preas : signeti J cbrrunuftication 1 ' "channels may be assigned for 
r ' satellites 1 t-tr -broadcast '* th£ir positions and " availability 
25 ' infdrrnat'ibh-f r) ' ■ 'Satellite si newly added to the satellite 
network tnay i • u'se '^"these 1 channels i: to ■ announce • their 
availability Especially to portable' satellite phones 102 
• having older : databases . The antenna controller - 4 00 also 
determines the position/bearing/attitude of - the * p'ortable 
30 i /( " satellite phone 1'02' via the steering information detector" 
404 ' Based on-' the* 'position of the selected satellite and 
the ' position/bearing/attitude of the ' pdrtable" satellite 
phone 102, the : antenna controller • forms- an • antenna beam 
that ■' is directed 'toward : 'the ' selected satellite "using the 
35 ' directidnal antehha '-402 "to establish a-' Communication path 
• ' ? ■* to the ' selected' satellite : ' ' ■ - 1 1 ' - * ' - • 
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.. During.-.call - setup and. after the communication _ path 
with , the selected . satellite G i^- ; , established,, thje antenna . 
controller . monitors for bearrv blockage by .objects \, such . as a 
person using, . -the- proximity detector j4G6-. = When/ the 
proximity detector, ,,406 j<. detects a - person t within a 
predetermined . distance, .f-rom., it he communication -pathn the 
-antenna * controller . A 00 may- take- one of several alternative 
actions to avoid h^rtfiing, the' person : that ,may be i caused by 
the; electromagnetic .energy j transmitted by u the. directional 
antenna 4 02 . • « > ■ - u '.Of* s n i * . ./> i. • . - ' 

... v The ^antenna-, controller 4 0 t Q may r .reduce,, the power 
level , transmitted by -t^e-- direct ionai antenna 4 02 -to, avoid 
harming the person.: If: the; , powe^t, ^eyel is reduced below a 
level . , required . -. t for : . qpmrT\unica f ti.on , j.with -the selected 
satellite, the antenna controller 4 OA -alerts- the, user of* 
t^e .. portable , s.atel^Lite , pjione- 1;P;2 ; ; t through <t;he alarm device^ 
■ 4^8 fThe antenna .....contrqller ; 4QQi ^ may- <also l: .determine, 

whether, t^he antenna ,,£eam mayr be; reshaped s; so, . as to avoid: 
harming, the person or ... whether } .another satellite, may be 
selected to avoid harming, the = person.. , - ; , s . ; . .-. 

• .. . , For example, .a cirpular p^o§S;T|Section ; j antenna beam 
pattern ...may -be : modified ^rytp^an^ 

,fco • reduce .the. ..received [ pow^rr lgyel n :i ^t :) t;he r , person C; while 
- maintaining the power density .in,, ,the {satellite #T,e.ction . 
5 . ; : i .The actual antenna beam patterrasj : •necessa^ .to satisfy 
these conditions^ will. . vary .... depending ,on the, angular 
• . . separation .between, the satellite; . and .,the ..-intercepting 
■person , 4 ,.as w§ll a$.. the person! s ; dist;an,ce. ..f rom the p^ione' s 
j.' .antenna. • *s : ; >, * I - <- i: * . ■•: • i . v- - • 

0 .-.i .figure J- is. a .^lock v diagram, of .the. position 

detector : . 404 . The .steering .information, . detector 404 
...includes .an ...attitude sensor: 300, . ;a. .GPS receiver. ,904 for 
receiving., GPS . signals, and, a .gyrocompass 906; . The. above 
components .^re ; cpupled tqgethejq v via a. .signa.1 tjus 908 ; . The 
5 t . .-attitude,, . ,.se.jis-.or > , 900 determiners , ; t ; h? : .portable satellite 
phone 102*s orientation rel^tiv.e to . vertical . or - "plum 
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lin ?: / ■.. .T.he GPS receiver. 904 ,receiyes» , GPS signals 
generated ; by jthe Global . Positioning .System indicating the 
. . : .position ; .of , the portab-^ - . satellite! , phone , 102 .; . The 
gyrocompass 906 determines : t;he. azimuth and; b.earing, of the 
Portable - satellite phone 1Q.2.., ; .The.; steering information 
• • detector , 404, is coupled .to . the ,^ntenn,a.. controller 400 
through-.the signal bus 908.^. . .. ( . . P 

: ( .. The { ^directional antenna, 402 may, be any 
.,f electronically ■ steerable antenna.., A [ class • of phased, .array 
antennas is t preferred.. , v In; -general, .,a phased array of 
: independent: antenna,; elements, may be .configured in a 
.linear, planar or, , volumetric array.,. < S-yqh '-an • antenna may 
- . be electronically directed, or v stee.red, : by , controlling the 
amplitude and phase of signals applied to each- of the 
antenna? elements. For ^example, r ,an - antenna beam of a 
, planar, array .of .uniformly, -spaced^antenna .element p .can be 
steered ; in angular ..space;,., by-, applying a signal r %p. .each of 
the ; antenna -elements, haying * a fixed-, time .shift - relative to 
, , . ..the antenna qlemqnts. The shape - of the antenna beam may 
be ; controlled by applying, : signals to each of the - antenna 
m!) . ; eleiTients. having varying amplitudes relative to the other 
. ante.npa.. e^emei^ts,.;. f^The, t amplitude of ..the signals applied to 
• each ^nt v enn£, M element .,aay. . be weighted,. ; by multiplying by a 
.> respect ive. : . weight yalues,.:, An ; antenna . beam pattern .may be 
broadened or ; .elongated by, .reducing.., or. eliminating, (.weight 
equals 0) : , elements, alon,g an; . axis . of the planar array. 
: M . .Fi.gure, 8A, • shows ■ a folded planar phased array 
% antenn? 602 disposed on the : back and top, sides 604 /and 606 
of a portable- satellite phone , 600 . Figure 8B- shows the 
.... folded : planar-- .phas.ed array ,• antenna, • .602 having antenna 
elements 608 uniformly disposed on . the back; side. -604 and 
- antenna elements 610 * uniformly disposed : . on the top side 
606 . of; the folded^ planar phased array • antenna 602. The 
back andivtop .sides 604. and ,606 of the .folded, planar . phased 
array ^ntenna : - 602- } act as; ,a ■ single planar, array when the 
top antenna 1 element s- 610 ; are phase - shifted by 90 .degrees 
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"-(in the' plan^' perpendicular v to "'^the back arid top- sicifes 604 
and ' 606 )' 1 relative' to thos^ q on F ' the back' side* ; 604." r The 
folded planar 1 phased arrby -k r rit%nha 602 has-' slightly better 
dire'ctiorifali'ty thart ! ' a planar- array. r ' " ■ : * 'V* 1 

•* : Figtire- : 8A : shows : a shield . 609 that 1 "' shields \a- user 

from th£ electromagnetic ehef gy transmitted by"' the folded 
planer phased array antenna 602 . ' As '^showri iS in 'Figure 8A, 
the shield 609 is disposed between the? folded planar array 
aritefthal 602 *and : ari ear -fii^ce so that the user is' shielded 
from 'the • elect romagri&'tic : energy 1 especially ' when the 
antenna- * phone 602 is '-positioYiL^d next ' ! to the ■ user 's head. 
The- shield ^ma'y include- any -metallic! ^matferial -and may be 
- electrically grounded' witlr respecit *to the folded planar 
array 5 antenna 6 ; 02 • '■ ■ " : '■ - ! '< ' .., .»■;„• r ^ 

! The 1 antenna . gain and 1 'antenna 'directionality afe- 

. 1 propbi;tl'io ; nal' !i td ; a : number^ of. elements in Ytffie f 1 phased arraf 
ariterina .' t:: At' Ka &and' -frequencies of ^17^30 a ! rid i; 4*0 Ghz-, the 
- wavelength ^'approadhes ' 1.0 cimV' A :: 'co'h^ornia'l' Antenna with 
quarter wavelength "element ■ spad ! i l ngs : - would occupy 

* approximately 5 x 5" cm : Vtfhictv ,: can 1 ■'• accommodate ; ; a * ' 20 ! x 2*0 
element array' at these' L Vf reqii^hcie's r A i! folded ! planar 
phased- array • located oh J the' i top ,f and baeft ^ldes t:i 60 : 6 ' and 604 

i • : of ; the folded 'ph^-s'ed' ar'ray ; a^t r &nria ::f 6 r 02 ri m£y* : provide ' : 20 x 8 
■ elements j on ! -the* ! tbp -side 606 l> k^2 k [ - dm) v ^rid"' 20 : x 20 
''element's' oh : the 'Bacf -si^e 60A { (^S^'x^S bm) ^'•r.'-h-'i. \.„ 

Figures ' 9A- and - 9B 1 shbw 1 another : embodiment of a 
portable satellite phone • 700 ' -having a 1 1 v'oiumetric phased 
i: array antenna* - 702*. As - dhown in j Fig > : 96; the 'phased array 
- antenna 702* included a cylindrical ' antenna 1 - body 704' having 
' ' antenna elements- l 7 06 uniformly ^dispbsed bn : the 1 "surface of 
'the^cyliridrical body 704. - - * ■ ' ••■ : * .. ! ■■ ' 

1 ' - ' " ! ' Figure 10 shows ^an- antenna phbrfe 65'0 haiving a hat 
phased ■ array antenna ^€52 . j fThe-j Wat'- ; phased ; ' array antenna 

• ■ j 652^ Is a * voliimet ; r ! ic phased-^artay antenna' -where -the; space 
' "en'cl.osed' bythb sidfes .'of "the hat phased alrray antenna 652 

is filled with * antenna elements'- (not shown) ; :^ The front 
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• ■ . .. ,SAJ-rface :; 662 i$.a metallic, shield, for example . The .shield 
662 may be disposed between :r th,e; antenna.. array ^elements 670 
■\\ and.,. a. ,user/ : s head, and f (ma,y , ;b<$ an<p.lanar metallic shield 
. t ...embedded, in the portable .satellite. .phone.' 65.0^ « > 
5 *v < r r.For- higher end- Ka band -frequencies- and assuming a 

quarter .wavelength spacing, , the.; maximum: number of antenna 
elements : .6,3.0... and 706 for volumetric, antennas 652 and 702, 
respectively, is approximately^ ,64 . .times the cubic volume 
, .... (in .units . of / pm 3 ; ) of : . the ,-antennas 652 and. 702: - The hat 
10 .... .phased array arxtenna - 65?,;. on the top. of. • the. antenna • phone 
650 may, have . with a . . volume of .roughly (2 x-25 cm. or 20 cm 3 ) 
and may have over -10 00; anitertna. elements 67.0L r . 

Antenna array selection may depend on; *1) high 
frequency electronics, .required for electronic steering; 2) 
15 ; ., ? • electromagnetic - properties -of . the antenna;.. >and 3) 
. dielectric and ; -shielding .structure.- . ^Ideally ,<the spatial 

diversity; ,of a,, .volumetric - ;array fandj. : a, largest : ; number of 
: antenna t elements ,j 670' n and;; 706 ...is --most i desirable. . An 

r .-:.. antenna. .array ..with., .the., largest gain - and- best 
20 - . -directionality may:,be \the/.mosit preferred,. ; 

. v..- : :: Ei;gure f .f ;1 1^ shows * a block- diagram, of the proximity 

; r i detector ,.4 06; ^.The, proximity • detector 406 :may-.. include an 
infrared device 910, an optical device 912 ,. a- >. sonar .device 
,914. ..and- a- .motion ..-detector- 916*. The above components are 
25 .. coupled.-, via., -bus v918 . which r ,ialsa couples . the- . proximity 
detector to the , antenna i controller^ 4 00..' The . function of 
the proximity ;.dete.ctor 1 4 06- -is to determine -a distance of 
: -the object- from the, portable satellite-, phones 102 along the 
communication; . path ■ formed., by the directional antenna 402 
30 , , ; that may- -interrupt the ; communication ; path or be harmed by 
electromagnetic. , energy ;• transmitted by , the directional 
: , antenna- 402. In addition/ :a • -distance of the object from 
the. communication . i( path:-, may also, be determined. .. These 
: -.distances.- together. .. with, : a ■ known « antenna,, pattern- of the 
35 < antenna 1 beam formed, by ..the directional - antenna' 402'*may be 
used to reduce the transmission power of the directed 
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.antenna .402^-oi: adapt the- 'Snt'fcfriria beam pattern* to 'prevent 
physical jiarnv to 'the : T obj'bcta~'^ Vv1:V ' • 1 ' '° '" : j *-' 

The inf rared- device 1 ' n 910 ( 'detects the - presence of a 
human being^by * sensing ^ air ! iricrease in the infrsfed '"energy 
relative, to: -the - toa^-kgrbund. ' The infr:ared LO device 910 is 
useful for dete'Oti^ng- the * presence" of • ! a ! : person in- a target 
area such - as ai 7 ndighbCrhood bf; th^ 1 comMinic& ! t'ic>ri path 
formed by the- 'antenna' -beaifr. ' 'The motion' detector 916 
detects;. vthe r presence; -of J * an object foffaecl by detecting a 
•motion^ of the., object s' Similar "^devices ; f common -in - home 
security •systems \u ; sff - a ^plurality' of: infrared detectqrs or 
use sonic beam echoes 1 ; to -indicate^tihe* • presence \of * a" moving 

* . The sonar'^device 914i may -deterinin'e a' distance and 
bearing ■* of '< the object - relative \ to i the : satellite ahtenfra 
•f 102 'iand'/ -the^ antenna- 1 beam. ' >The> ' sbn§r device 914 m#y 
operate -similarly to =■ medicAl imaging- devices ' or : ; - sonic - 
tape^measuring. ./devices commonly'" ' used' r in- the" - building 
. industry . - A sonic ; pulse = is emitted by - the sonar devisee ' 
914 and the round trip delay 'Of the 1 ^'ohic pulse 'reflected 
from the objecti l may b'e' 1 - used : - to^ determine: ' the distance and 
bearing ? of >the object) relative ■! -to 'the pbttabl-e -satellite 
— phone -102 . v-: t .v.'..* ; . j ^ 0 i »~ o- * I *■'<; > .1 - ■ - ' 

■■• .-iO- ! ' The' optical device -912 ^may "also be- used, for 
: determining .range and ..bearing. :'*Two ^ lens : Systems -'-may be 
; provided to determine < a', focal -distance* • t'o the ' obj ect '> based 
on '-the parallax of this two lens -systems ' Optical pa-rallax 
/is commonly used ; in cameras - fior: a^tO !i f ocusing;' ■' Parallax 
inherent • in two lens' 'systems -are i adjusted until the object 
. is-. in -focus : ! : Since lens 'position is^directly -proportional 
..to 'the distance fo-.the -objects this method 1 may ' be applied 
: to ' the. : proximity ' "detection f problerii on the 1 portable 
,\ : satellite phone ' 102 ~ to directly 'measure -a« distance to the 
: object.: ; - .., Af ter J .dar.ky natural- ; light 1 -" may' be' supplemented 
^ .with' periodic .flashes of light to^ipefiioddeally^ check for 
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.1 objects- /and ^determiM'i their distance . from the ' antenna 
• -beam'.. : '■• *'.f. juxsLj-. - .iiv . 1 ...... 

: V A'- -preferred >ettibbdiment of ; the* proximity detector 

406 1 -is - : a • combination • of ; the * -optical device' i 91'2 that 
provides accurate ranging \ arid' the ..sonar •* devicfe 914 that 
may provide general detection of 'the /presence of an object 
. as : well 'as distance -and • ^bearing information. ; 

. Figure <I2 shows' a block -diagram of the* alarm 

. • device j 408.. ■/ -The- alarm 'device- includes 'a Lvisual . alarm 
: device • 920,' an aiidio ' : alaxiin device 922 and -'an external 
&larm interface 924 : ; The above components^ are ; coupled to 
< a .''Sigrial bus -'926 \whieh J'also- '"couples -'to the antenna 
controller • 400 j*r *«. ;<'"■ ; n - * f w- :.• - ■ : 

■ : The visual 'alarm* device - may include lights' such as 

LED's mounteid on ^ the '.-portable satellite phbrie 102/ The 
• 'lights may b'e< ; configured' so' that f ; the - lighting - of a 
particular -LED' Indicates a- warning :: of possible 1 ■* physical 
" harm- while - the • 'lighting • of another : 'LED - ! may - indicate an 
''inoperative ' condition . Tri" 'addition, ■ the LED may be placed 
on the portable satellite ' phone •■' 102 to indicate* to the 
user:" ; a ■ -suggested- 'post^u^e- --'dh^hge to change the position of 
the portable satellite phone 102. ... 
!: -^The au'dibi-'alarrh i'f device* ■ 922' may ■ generate audio 

■ K J alarm signal's * directly ( ' into the receiver of the portable 
! ■ 'Satellite' phone r ,102 instructing the user to 'either change* 
the; position of the portable satellite' phone 102 or 
'informing the laser-: that* an' object is iabout to interfere 
with the antenna bearri and cause a ; loss - of communication 
with the ■ satellite/. . The audio alarm device 922 may also 
include -an audible alarm separate from the alarm* generated 
'in the receiver of the portable 1 , satellite phone 102. Such 
-: an audible alarm "'may 'alert a" person (for- example, the 
object) -other • thari the' user of the possible Exposure to 
unacceptable levels 1 of electromagnetic energy. - ■ 
: '■' * ' ,M ' The iJ *alar'm device 408 'also 1 includes -an' external 
: alarm' interface ! 924' : -' that ^ ' may be coupled- to other alarm 
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, devices physically separate! from the, .portable --satellite 
phone 102. The external alarm interface 924 may- .include 
an infrared^ link, to , othe^jal&Lcm -devices that may either 
warn or . physically • prevent an object from entering -into an 
area that may : b.e-. physically harmful . .. ** . ■■ .. ♦ . ■• • ■ 

Figure ^13. ; sis a: [block- diagram* 'Of'- the . antenna 
controller 400 . The . antenna i controller . 400. includes a 
processor -500, and .a memory ;:50,2 ; . The antenna controller 
410. include interfaces- to other components, of the . portable 
. satellite- -phone 102. ■» The. j .interfaces, are as follows: 
stee.ring lt information .dete.ctQr;' inter face ^504 r directional 
antenna interface 506,-. . proximity ,detec ; t«or interface 508, 
alarm device interface 510 and interface'- .to. other portable 
satellite phone, elements .512 o*. ; Of the above components 

are coupled together via ! a . signal . bus 514:.-; Each ; of the 
. intepfta.ce components 504-512 • .cpntaio the necessary devices 
. required-, to, interface , with ,eajQh;. ir^pepftive^ ideyi-ce o For 
^ example, . ,the idirecti.Qnalr .aqt^nna- ; interface ; : 5,,0 6, f - ir)plude_s 
all the electronics; necessary , tp receive and transmit 
signals: through , the idirectipnal i ^ntenn^ . - as well as the 
necessary components ireqiaired; r/bQ; . ? ^orm.^ ant jenna . beamg in $a 
desired direction. . jj .-Vi.->rk{ vj I J !■<.:■ : : - i n ^ *, n >q >ji\.j 

- - The : n database.] ha jti.fr .contains ,-ft'he satellite 
, i i positional inf ormationijis > stored-. ;in-j .tjbe ; ; T:>>rr.pry '£&4-..':, Other 
information jrequii-ed for 1 : . controlling ^.a,; ^^/qrfaeing with 
each of the: components - of the portable :,-, is ?.-:I;it : e phone 102 
as well as ^programs, requiredr for r .th: .i : r :. :c:ssor : 5 ; 00 may 
• • alsf3.be stored, in.: the. memory . 502,., = ■' * 

> . : Wheni an. .instruction to establ^if-i. ,o communication 

j .path- is .=.receiyed from- the- Qth§r, port at * < -aa tellioe phone 
elements,; : 410 through - . the, interface., -.. : other- portable 
.satellite phone., element s t ,512 , wttje ...processor.- ' 500 responds 
.... by : . determining whether the. usep ,i§- a -calling - party or a 
called . party. \ < ... If the. user : ,is : ,. ; a-, calling, party, the 
., processor searches the data&a^e ..iiy. \ the^memory 502 and 
selects, -an .appropriate ...g.atel-lj-te^pf th<e .satellite- .network 



W098/29968 



18 



PCT/US97/24170 



■ V 1.00V based on criteria* >:\ such -bsi cost, satellite, ./position, 
'etc. '..lie.: -the user isJ,*a called party, the processor 500 
searches the database ,;rt:o.?J determine -.a - position / of the 

• i. destination:.- satellite. Alternatively , the. processor 500 

may 'also- . vreceive "information u from- the: destination 

-satellite during a. .call set up process. 

' ■ ■ .After a; satellite ..: position; is determined, the 
i processor, <500 interfaces With the . steering . , information 
detector 40*4..]. through -.-the = steering information detector 
interface 504 to. determine the ^position/bearing/.attitude 
of' the .portable, satellite; : phone: 1.02 - . • , jWhen both the 
satellite, position.,; and the position/bea'ringi/aptitude of 
the- portable satellite -phone ,102 -are-: determined, the 
processor 500 1 sends- .^appropriate control.- information- to the 

• directional: antenna -^402 -< through the directional antenna 
interface 506 v to,-; direct ah ■ ante'nna r beam.; .^toward the 
s'elected/"diestinat r ron satellite 1 ..-- . / . - 

■ J : -' "'After* the communication path - tc ' the, .selected/ 
destination satellite is established, the processor 500 
adaptively "maintains ■ :the :.ant.enna beam* directed to the 
selected/destination satellite 'by, monitoring the satellite 
' L ; position -as > well afe. -the, i position/bear ing/att ityde . of the 

* ' *' ^portable satetljit^ ; phone 10 2. -and- adjusts, the -direction of 
' • "the -antenna beam by isending appropriate /parameters :-to the 

' directional • 'antenna ■•■■••(through ' -the. directional antenna 
" '■'interface ■ 506 ; . 1 Th& processor 500: may also .receive 
positional"^ information ' from the- selected/destination 
satellite 1 to ' asisist ithe processor. <500 • in directing the 
antenna beam. L '^ ,r . < : , * . 

• During = the call setup process-and ?for the duration 
of the communication ^with the- satellite, the processor 500 
" activates- the 'proximity 1 detector 406 to determine, whether 
there -are objects, such as people, within a predetermined 
•distance 1 '- from » the -antertna » beam. • When the - proximity 
detector ' detects 1 ' an object, the processor 5.00 determines 
' -the distance * and ( -bearing of • "the: . ; obj ect -based: . on the 
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v information; received from fe he:-. proximity* detector o4 06-.: The 
processor .500 , then takeso alternative - action .such as 
redirecting- the antenn'a^ beam, - to.! anothei ; satellite for 
examples to' -=previent: physical harm to the r .object, -.imodif y' 

• the antenna beam* v patterhf: to^ reduce a-opower 'level, at the 
object while -still .communicating. with:; the ^ selected 
destination satellite,- -reduce, the-power transmitted by the 
directional antenna ^ 4 02 and/or ' i: .sending _ : appropriate 
commands' to • the :.-alarm:. f j deviae into output" a: warning of 

: possible harm ■ or r loss .of' communication.;, r ■- .r - r 

f i :i'; uPigure ' 14 skows' a p^dGess.; of .; .communication using 
the ' portable-' satellite ph6ne >.-. 102, : : ..; ; In . step S 10.0 0, a 
calling party dials a number using the portable satellite 
phone 102.; u When the. calling ; party. ;dials a .number,, tjje 
■ processor '500; of the . .portable satellite; phone ■ 102 receives 
..an instruction from the other .: - portable ; satellite -. phqrve 
e l emen ts 410 to establish ^ communication vwlith ^an 
'appropriate satellite. 1 :>Thens-ji- the .^process; ,v goes to step 
S1002. : • • - ■! ■ ' • *- " - ■ . . - • 

' In step >S10.02> : the- : prooessar. :. 500 ! '■ accesses the 
database, stored in' the ^ memory m602- to- ^determine, whi^h 
satellite - bf the satellite : network.. 100 .1s, most, Lapp.cqpriate 

• for^the number- i'dia led ; -by. the-aalling ; p£rty... /The. (satellite 

- ■selection may- -be basejd.,oni:criteria : suohi as:- coat, -position 

> of the satellites:,-* ' and the ^capability- < of the ... satellite and. 
the portable satellite- phone 102 to establish: a complete 
communication': path from- the pdrtahle satellite, phone 102 

• to the: called' party . After- -the: appropriate satellite is 
selected, the process goes to step S1004 -.if. < • ,-- 

'v 1 . In ; >step>: S1004 , \. the. processor* , 500 -^determines the 
= position* of the portable * satellite phone- 102 by- accessing 
. information .:from . the ; -position: .-detector . 404 - through the 

- -position: detector, * interface .-504 . , ■ After determining the 
• position : of ; the .portable ; -.satellite , ; ; phone t : 102, the 

; '- processor 500'^ determines -the , proper ■ , v direction i: , of an 
. antenna beam land- sends appropriate : control-, information to 
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..the,; directional antennaj:: 402 ■ through ■ the . directional 
u antenna interface t 50$.- v ' ■ eiTh-e.n the , process *. goes to step 

••' In - step S10Q6, the processor: determines - whether 

communication with the selected .satellite ? has been 
.successfully established. .If • the cpmmunication with the 
selected- .satellit.e ; has not been established, the process 
, .goes; to step S1012.;. : If '.the. communication is successfully 
; established,- the : .,- pr 3 oces.s . :goes . : to step - S10Q&. . ■: In step 
S-1012', . the processor; , 500 increments a ccount .and then goes 
* . to step ^ ,S1014;.. In;* ^step -. S1014 , . the - processor 500 

; determines : .whether : the .count has. exceeded - : a .maximum. If 
the count , exceeded -a* maximum, ; the process- '* goes ... to step 
S1036 ai^d' .outputs ^an- pending > message to the calling party 
. that communication -, cannot ' be established . Then the 

process goes tQ ; > step S1038 and ( , ends the communication 
process. If the count has not exceeded a , •maximum, the 

• process Returns to, step-j S1-0I2 . , : ;■■.!•-. 

i. * L In. : step 5:1008., - .the selected ..satellite, receives 

i : inf ormatiQEu :£ rom , the/, portable ( satellite . phone 1:02 and 
determines * t:h:e ; appropriate .destination -satellite* -df the 
destination i rosatellite r 4 is ..; other , than the. ; .r ! selected 

; , satelli1rie.tr; Then the ^process- goes to step S.I 010 . . : In step 
SlOlOyi I'the ^destination ; . fs.ateldite»r: (wh:---ii. could ' .be the 
selected.:' satellite.)) -■ determines . whether t h^- number dialed 
by the - calling... >party -lis . the number J c. r the portable 
satellite , ; ;phone, portable r s"atellivt :>:ione 104, for 
.j example.: If, the : number; is y. the numbf-: the ^portable 

• sateldite ..phone ,104, then the proces; n. - ^ to step S1022 
to reach - the called .party : by direct :.••/! contacting the 
portable satellite -phone-* 104.. ■ .Otherwise:/, if -the,, number 

• dialed by the calling party is the number (connected to a 
ground based communication network, .200 , then thie -process 
goes to ' step S101.6 : : ; . * ; C ; • 

-*•''' " ' In step : S1022, the destination -satellite -outputs a 
. signal -to alert t her- called party that a-. ; call: is pending. 
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Then- the - process goes to ste^- i S1024. " In ; step*'* S1024 , if 
the portable- satellite phone 104 ,( -is in -standby } mdde (e . g . , - 
not busy), then the portable satellite phone -lO^—alerts 
the called <party 'that a ■'* call is pending. ; - Then the process 
goes to stefc 1 S1026. ' ^ ' ' " ,l 1 ' - ; • — : 

> In . ■ step ; 3102®, the - process ' ' waits %: iljl f or a 
• predetermined time -'for the called: party 'to answer the call 
through the portable'^satellit'e; phonte 404.- If- the called 
party answers ?-the call- within the .predetermined- 8 amount of 
timfe/i' the process : i igoes f ' j to stfep f • S-10-3'2 . '[ -Otherwise, the 
processJ goes to I * step S1-030J In : -step " S1030, the 

destination satellite • infiorms thi selScStled - satellite that 
the - called • party ^has -.'f all'ed to ' answ^r^ * the - call J ' The 
selected satellite- in- turn' < inf orms the f calling pa [ rty tfrat 
the call 1 is not answered in' an ending^ message. 'Then t^he 
' prcvce'ss go : e*s to" step* S1038 and •' • ends the. comifiuni cation 
-pr<$be'sS . • ; - ■ ■■"^ '■■ o;i ->'-•-'■ ] - "" '' ' ■* 

In step S1032, the portable s^t^l-a: ! ite "^phone 104 
establishes -cofnmunication- with the destination satellite 
by determining - the - posi'tron-* j of 'the u destination :v: satellite 
and - the position of the portable^f^ateirite <phiome :i 104 and 
forms a. directed beam to -the destination ^satellite-:' Then 
the . process ■• goes : too step. ^SW34U -M^Brt stepx ... S1G34 , the 
: CaTling party .- and- ' the. ; called i.part.y '.-are-.. bonn.edtfe'd;; in a 
call. After the ^oall is -i .completed; . r the -process • -goes to 
step S1038 'and ends- the communidation; process . -r* 

In step- ; ;S1016, < '^the destination satellite 
establishes 1 - communication l with- - ; * a:: ground • based 
' 'communication network 200. Then the process 1 x goes' to step 
i, S1018 . .■ In step S1018> - • the Iground based- -communication' 
.network connects: the call- to.. a. terminal such. .v as a terminal 
: 2.02. o.r.= a mobile phone . 204" ©f< the called party and goes to 
. : s t ep S.10 2:0 . ■ In site p . S 1 0 2 0 / :■ i .the \ p r o ce ss ; waits- for a 
predetermined amount of time f or'uthe ..called -party to 
. ; ianswer the^call.: If the.! called; :-par.t.yi answers the call 
, . . .then 1 ' the: .process' goes to ; ;s-tep--.- f S10 28 ; .j : - Otherwise, the 
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process;, goes ; to stepoS-1030.- ( In step S10.28, the .calling 
;; \-., party; . and the calie;d parity Laze connected" in a call..., After 
... ' .' the ^call is comp 1 e t ed nt : he n pr oce s s -.goes to .step S1038 and 
. . ends 'thes.i-cpmmunicati.on prp.Qesrs-.. . 
5 . ; ) t After : the - portable satellite; phones - 102 and 104 

establish;- communication- with rthe . respective: ■ satellites, 
. each of , the respective ...portable . satellite phones 102 and 
104, continues, to monitor the; positions of the portable 
. satellite phones ^1,02 .and : .1.04 v ; and the . respective 
10 : satellites, , Tfte, respective processors * 500- * continue to 
adaptively , ad just : . ;th;e;: direction : of; the t antenna beams so 
. ; * that 'the 'Antenna, -beams - f ,are . .aimed at :r.the -respective 
satellites irrespective ^of the: , movement of : the : calling or 
-called . parties: and, r.the movement of' the . respective 
15 : « ' satellites;;^ ;. riT .-><-;; .'!,••» • : .-■.»' ; 

. f In • -the c > event > „ot hat the i .selected ^destination 

■> :< satellites are .other; than GEO satellites, ;. the -possibility 
exists , for -the respective satellites , to -move out of - range 
•of the respective o portable . satellite - phones 1Q2 and 104. 
20 If the- . select ed / de s t ina t i oTi" r satellites^, move out '.of : range, 

"the portable :satellite r .' phones: :1Q2 and -.104 ; must identify 
j ■ : another; sate-Mite ;^to continue = the communication path by 
consulting the respective,; databases 1 so; .that the call may 
■-.■*<■ - continue" Without > 1 interrupt ion-.- -After identifying another 
25 » '.l • satellite, . thd f portabl'e . satellite .phones 102 and . 104 may 
- transition from the original' or . first selected/destination 

; satellites -wto-:- the .new.; or ' second- selected/destination 
satellites byo either 5 a. ; s<hap beam;' technique or . .a, bridge 
--beam i technique.: ' . \ , ' . . 

30 ' !• ' : Figure 15m shows . -a diagram-* of the . snap beam 
technique that . may ' be:.; :used to transition or "hand-off" 
from a first satellite : 802 to. a second .-satellite ; 804 . As 
- shown .in Figv, -14, the' : portable ; satellite, * phone 800 
communicates '-wittv^the : first satellite 802. through antenna 
35 * - : beam 806::.'-' Before: ;the^' first satellites 802, • goes ' out of 
. range, the portable satellite phone 800 determines the 
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position . - ofi' the second satellite 8 04;' Vand, - at an 
' appropriate • moment V transitions! the commuriiGation ' path 
from antenna ' beam':806 ^to "ant^nna':beam ; 8-08' in the "direction 
of 810. Thus, the ainterfna .beam is*- 1 : snapp'ed f rom a 
direction - of ^afntenna'- Beam 80'6 to \ a directl6n of antenna 
beam 808 transitioning f th£ cormnttnicati&rT' path from the 
first satellite '802 to> the second ; Satellite 804 . 

i Figure 16- shows 1 < a - second possaibl^e 1 • 'method for 
transitioning betweeh a first satellite 812 and a second 
satellite ' 814 - The 1 -portable" satellite phone * 820; for 
example'/ 'Communicates . with;- the f irst ' satellite S12 through 

• antenna b^am-' 822v- When the :f4 r rst satellite -812 is moving 

• out : of range, the* portable Satellite-phone 820 locates the 
second satellite 814 and converts the antenna beamt? 822 
into a bridge beam 824 that permits communication ,-ewith 

-both the: first- and second'- satellites #12 and 814. ^When 
; 'the. cpmmiinicatiori 'path tr'ansi/tLon.i: ftfom the first 1 ' satellite 
812 to the • -second" satellite' -814^,1$^ completed, the - bridge 
bieam 824 is converted to a narrow.] beam : 8-2 & aimed directly 
at the second satellite B14 . i ) >TYm&/^tfoe transition between 
the first 1 and '.second- sateliiteis;. • • &12 -arid/ -814 .—rna-y be 
achieved, without interrupting* the >ii6]Mniariicatioh: , -between 
:. the callihg and the- called parties t<'f V eiii on; :? •; : ^ 

.-.'i" For ;hand-Of €s bertweeni ijEQ/i rlCOxori iMEO^308 30 6 and 
; : 312 satellites- thev^ beam : 'bridging ? 'technique* is generally 
more ^widely • applicable, < ' * since • no • .• precise- timing 
. coordination rbetween; the ^ satellite, network 100 and the 
antenna phones ^900 :-aad 820.- is required^ 1 A- bridging beam 
can be directed at both satellites 800 and 1 820 for seconds 
or' minutes to ensure ■ a seamless hand-off/:' The snap beam 
hand-off : between adjacent-. -satellites * 802 s|nd<\:804, for 
example/ requires <; some ..< timing ? ? coordination .between the 
satellites.! S02 and 804 and- the portable, satellite phones 
;.800> jand ; ;82G ! . * Alternately,, i the,: snap ibeam . technique with 
. the satellites : 802;' and 8 04 ^bridging: the; signal' across both 
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satellites;,'-- 802 and n ]804-j would obviate" ', the need, for 
. ' precision^hand-gf f timings . - . . • 

Figure 17 shows) <: a flowchart t ,of- -the .process of 
. . transitioning between, a first* ^ satellite -and- a second 
satellite , by the • portable satellite • phone.. - 102 - ..In step 
v S2000 v . 0 the portable, satellite ( ; phone 102 -receives an 
• : instruction ..to establish communication .with a satellite. 

Then thev prooess goes to . step _ S2002 . In step -S2002.,. the 
. processor . 50.0 ^determines whether the . user is t .a .calling 
party or. a called ..--party:. Ifithe; user. is. a calling, party, 
the , processor, )5O0.; : : goes to step ..S20O4. . Otherwise, the 
first - satellite- ... is the. ; destination, satellite ^and the 
processor 0 0; .goes.ritp step S200 6.. , i : In ; ; step !t S2004, the 
processor 500 selects; a : -first;. satellite from the- satellite 
network 10:0-.. Then -.the processor, 500 goes, to -step- S200 6. 

In step S2006, the processor 500 determines the 
first, satellite . position .and goes \:.to . step S2008. In step 
S.2008->. ! the .processor, ,500 forms and adaptively maintains an 
antenna. beam- ^directed- at the first' satellite-. Then the 
processor 500 goes .; to step S201Q .... In > step S2010, the 

/processor . 5.00 establishes, .communication with the first 
satellite" andrgoes j to step <;S2012. ■ .In step S2012, the 
J processor i .SOOr detetmine.S' whether it • is - necessary, to" switch 
to- a, second vs-ateilite ; If it: -is necessary; to. .switch to a 
second : satellite/ . the * processor 500 goes to .step S2014. 
Otherwise; the processor 5,00 : goes to step S20.30. In step 
S2030, the ^processor ^ determines .whether the communication 
between the* " calling, and called ■ "parties • is; completed . If 
the communication between the--i calling, and called parties 
is. J completed, .* the -. processor 5i00: . goes to step- S2032 and > 
ends the .process. Otherwise,* the ■ processor '500 returns to 
step. S2012. r. - ■ ■ ( t ...... 

* ...--..In. step .S2014, the processor 500 -determines a 
second satellite position. -Then' the: processor 500. goes to 
• step S20-1&. • In step '.S201.6, the . processor -500 ("determines, 
whether to utilize the snap or beam bridge process. If the 
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processor 500 decides to- ■ usfe^the*. snap-' ' beam pxbces-5'-, the 
processor 500 goes to step ^S2024 . : " Otherwise/ the 
processor- 500 go£s; to- step ^S20*8: 1 * 

• In ^step ^ S2024 /< ■ the processor 500^' 'concludes the 
conununication with the -first 1 satellite . The processor 500 
may ^determine the ' timing" for* concluding, the "communication 
with*, the ' first* ^ satellite and? begin the snap ! hand-off 
process, or alternatively, the processor 500> i: receives a 
; i synchronization signal ; from the ■ first ^ satellite; that 
^initiates the snap. haftd-off process . ' ' ! The the processor 
500 goes? to step 1 S2 02 6, . In. step. S2026, j the processor 500 
forms- andi adaptively - maintains, an ^antenna beam directed at 
a^s'econd satellite Then -the .processor -500 - -goes to. step 
S2028. i : In step : S2028; ' ^the^- processor 5 - 500 establishes 
■communication with ^ the second satellite and goes to step 
• • * S20 30. . ■• " : ■ ' : ' ^00\ i ■-. :. m 

;\i . \ i .in step • S2018, • thei-prGCeaso^ i 15 0 0; ! expands -the 

- •.- antenna beam ; directed toward ' - the • 'first- satellite' intjcv a 

bridging- beam ^between the first-: and .second > satellites^nd 
.goes to":step ! S2020). « ; In "step : S2G20 , the -processor |500 
transitions theJ communicatiorie from. > the f 'first 'sateHit^ to 
, the - second satellite -and. - .goes ' to :- stepn S2022 ; - . . In step 
■ S2022> >t : he processor 500' -narrows' ^ fthe^:bxildging,:beam' into an 
antenna beam directed : at the ? 1 Second;: : satellite and 
''adaptively maintains the antenna i beam toward ).,tfoe^. second 
- : antenna : Then the processor 500 . goes' to - step- S2 030 . . 
. *: Figure^ 18 -i shows, a ; ;f lowchart^ of < a response . of the 

portable satellite phone 102 to an r object that comes into 

- : :-.ra beam-. path' neighborhood of --the* antenna: .beam, -fin step 
-i S3000, 'the processor 500 ^ forms an 'antenna beam and 
: • . establishes ■. communication, i with*'; a .satellite. Then the 

processor 500 goes to step S3002. In .step: S3002, the 
.-. ..i. processor 1 -500 -act ivates-. the.; proximity, detector along a 
. beam; path ^neighborhood . -Al fbeam path, .neighborhood is 
.. *. determined : -toy- a predetermined , ;di stance .£s£pm ,.:the. _ antenna 
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t - Ipeam and .-the portable: / satellite phone 102*. *■ "Then the 
; processor 50.0: goes - to; st£p S3004. -i . v ■• ■ . 

' i^i--Inf - step S 3:0.0 4>; r t!] thef processor. 500 determines 
,i whether k- an: object has entered ■-■ into the beam • path 
neighborhood. If an object has not entered into a beam 
path, neighborhood, -the processor, < 5010: goes to step S300 8. 
Otherwise,: if anr- object has entered into the ■ beam path 
neighborhood, then the , processor 500 goes to- step S3006. 
In step- •: S30O8/ the processor 1 500 determines whether the 
i communications between^ the; calling and - called' ■ parties has 
; completed.; .. v Iff.. -them communication ; has ' 'completed, the 
■processor .5001- igopsi ^to. ?i step. ,:S30.1& and- ends'*: £he process. ' 
Otherwise, i the^.proce&sor . 500 .--returns.' to step S3004. 

: In; step S>300:6, the processor 50 0 determines 
> whether . alternative/ :antenna' : beam paths :are available. If 
f alternative beam paths ' are . available, : ' then -the : /processor . 

500 goes to step S3010. Otherwise, i the ■ processor. 50-0 goes 
-to step* J S 3-0 12>- j .-In -step i £3010, the ■processor- S'OO reshapes 
the antenna . beam> : to movei the-'' communication to a new beam 
path f so :that -the : beairWpath neighborhood - avoids the object 
-M that! -entered: :?the .original! .beam -path : neighborhobd . This 
process > may. jl include:: switching to another satellite. Then 
■ ; the* rprocessoir 500 goes; to step ; S3004 . — ■ -* - % 

>:r. :: ^ i rl n- i i s t ep . j: .83.012, t " r.t'hie > processor '500" reduces the beam 
power of the .'.antenna-- <be am and- then' goes • to 'step -S3014 . In ■ 
step; :S3014./ the processor , 500 -activates the- alarm device 
to alert; the- iuser ,and/or - the* -object * ( that entered into the 
beam. path, neighborhood, of potential k ^ harm. - 'Then the 
-.. processors 500, ; goes-? to step :S 3004 . 

* • Figure - 1:9 shows^ ia. diagram* of . a; communication' - system ■ 
that includes fixed .phased array antennas 90S, ' 910, 926 
and 928 that are fixed to permanent - structure's 904, 906, 
922 .and 924, respectively.- The permanent- 1 structures . 904 
and 906' are^ -located' 'in the-'Northern Hemisphere such as 
: - ; the United States 9-02-/ 1, while* the permanent-' structures 922 
and ^'924 are located- in* the Southern 1 'Hemisphere such as in 
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Australia } .92 0 w-. Phased arrays^ \9fb8 and 926 may be planar 
phased arrays mounted on structures such as- hous-es and 
phased arrays 910 -and 9.28 t may: volumetric Iphased arrays 
mounted ..on towers • such as* for . terrestrial : wireless 
transraitte-rs/receivers - ' f. J; ; " 11 :/ 1 ' 

The- fixed: phased ^array antennas =908^ 910, ; ' 926 and 
928 may form directed antenna ■ j beams . For"> example ; , the 
phase -array antenna ::90 j &-..*may foitirt beams . 3T6 "&h&M 918 ; the 
phased array ant.enna ■ 910 -may form* ? anteriha- beams 912 and 
914 ;. the . phased- array " antenna 926"; may f o'rm^beatn ! s : 934 and 
936; and the phased . array. 928 mayiform beam&'^SO' arid 932. 
, The phased,, array antennas 908 ;,:-91-.0> v L ,92G ,v £nd 928 form the 
respective directed; ..beams 1 toward- '{satellites - such as 
; satellites 938 7 94 0. T 94 2 and^ySAA tfhat may have orbit s 
along rtbe equa.tor.n 950 . Other ! satellite that ■ hav^ - other 
orbits. may.: ! als.o, • be reached". byMfhje jf ixted ' 'array - antennas 
, 9m, t B.W,', 9.2 6 and 928, , . • . ."'LOc.a *3 :■ .? -Hir. . : 

\ >■ : -The= • above-described ' '.phased ; =array: r; Antenna' 'systems 
that, are attached,, to permanent ^structures- . omay ; be used f or 
satellite , cable 'T.V^nd, broadband, i terrestrial -links such 
as multimedia-: direct ; sa/telld-.ter and wireless. -cable .< J Usi-Qg 
the. electronically steeor abler -.phasradi :;array r antennas 908, 
910, 926 and 928,.,;.:.: installations r oT. ftrhe: .-phased: array 
antenna, facilijtiesomay xbe; simply, ilbtfaftin^ ;the : antennas in 
,a > general directions f aci-ngn- the;,. -satellite's : ■ -Thus, the 
phased, array antennas 9,0.8, .910/ • ■92>6 arid 938 eliminate the 
; need for complex- mechanical ins-ballatifons - where the 
antennas, t must, . be ; - carefully ■ aimed: : ;ati! destinations and 
sources . These f ixfed;- pha^d array , oan^etinas provide at 
least two, unique .benefits:.* simple, auto-steering during 
. installation-, .for ease, of .aise, r and terminal access to 
multiple s^tel-lite. services. ; : ■ ; - : * — 

, t i In. : addil; iQii,,.-: the 1 : antenna ; systems may . either .receive 
v users J !; ;; lQ.caition/.addrtess , (Ijatitucie ,i'and^ longitude) or 
■ a # Lterpa.tiyq.ly. : . J us^ built-in iv.GP^S i docalization^ to? compute a 
correct « steering: (direction- to,;, electronically • steer 
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antenna beams for ■ optimum reception. , . Further, the 
r e l;e c t r on I ca'l 1 y - s te e red v antennas, can . be ^redirected ,under 
user . .control i for- aimamg : antenna , .date am s - at ^.selected 
satellitesintto take - advantage, of - fcerrestrial: service 
nodes. ; .-Thus,/ using, 'a- single electronically-steered 
ahtenna : system permits;, the . user to-ireeeive service for 
multiple 'systems . . : - . ( : ov. 

. Moreover, : fixed phased -array antennas: ». 908 , 910, 
^926 and 928 . that > ! transmit signals using directed ^or non- 
directed beams may also apply proximity detection of 
objects that may be harmed by the electromagnetic energy. 

If objects are detected, alternative actions may be taken 
by redirecting the antenna beam, reducing the power of 
transmitted electromagnetic energy and/or activating an 
alarm to warn of possible harm. 

While this invention has been described in 
conjunction with specific embodiments thereof, it is 
evident that marty alternatives, modifications and 
variations will be apparent to those skilled in the art. 
In particular, while portable satellite phones 102 and 104 
have been described by way of example, this invention is 
applicable to other devices such as cars and airplanes 
that may benefit from forming highly directed antenna 
beams to conserve power and to reach destinations such as 
other satellites or other receiving devices. In addition, 
although the above embodiments are described in 
conjunction with a portable satellite phone, the invention 
is applicable to other devices such as facsimile devices. 

For simple embodiments, the portable satellite 
phones 102 and 104 may include a simple compass and level 
• to assist users in orientating the portable satellite 
phones 102 and 104. These simple instruments provide 
rough attitude and bearing information for the user so 
that the portable satellite phones 102 and 104 may be 
properly and approximately orientated at night or in a 
dense fog situation, for example. 
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Also, . ; the alariUhjiadie^ice 408 .cmay include a 
mechanical - alarm such ais; ..vibrator . ■ This. ^ additional 
alarm mode enables shearing andf/or vision iimpair.ed users to 
be alerted ; of . f anterina beam ; . interference conditions. *=.- 

Accordingly, > -^pjref erred i embodiments . -vofi the 
invention as - set 1 forth . herein ..are : intended: .» to be 
illustrative, not limiting. Various . ohanges -may be : made 
without ^departing fronv; .the spirit and scope of the 
invention as . . defined-. in ; 1 ; . the : j ; following claims. 
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WHAT Tfi CTATMF.n Tfl * . <=u ■ . ' ■ ... • , 

1 , j{ : . 1 . :f;i A .portable r t^r^vinal comprising,: 

2 ... : ^ , x , .. ^ direct ipnalj. antenna,* .and-. , t -. : , f 

3 . . ^ an anjtenna controller- coupled to the, .directional 

4 antenna-, wherein t .the, .antenna .cpn trailer, forms , an antenna 

5 beam of the directional antenna and determines a, direction 

6 of . the; antenna beam based .on information generated by the 

7 .portable .terminal, v to allow Ilf the portable .terminal to 

8 communicate, with .t^he satellite. , :: r T , . • ■ 

1 : • 2 r . t T hie • port able,, germinal ;{ pf claim l,^ f wherein the 

2 antenna controller directs the antenna beam.-^.pf the 

3 directional antenna in . the ; direction -determined by the 

4 antenna .contrpll^r to- , communicate ;with the ^satellite. 

1 ( , 3, . f T ; he portable,; terminal . i ; of . : .claim-, 1;, further 

2 f . comprising-:.. r , , /. t , f . , i: , - !;T ..- ■ • - 

3 a steering inf ormat ion -determining . : , , ;device, 

4 ( wherein ^ the f .[. steering information-determining device 

5 generates, , steering, information inpluding a position, a 

6 .... bearing s^nd an f attitudej pf ; the portable- -.terminal-; 

1 j ..-. f , , .. . . The* rpprt.a.b.le s terminal ._-,pf claim 3 , . wherein the 

2 v . { ste.ering^inf prmatjifOn-defc^ comprises:/... 

3 . 4ir: * : ^ „: a ^Glplpa, ; l r; ^ositioning System, -signal receiver that. 

4 . . t , receives, r Glq&al j Prosit ion>Lng ; System ^signals ; . and - « 

5 . steering information sensors that include at 

6 ,least one, pf- a compass, M a gyroscope > ,a plumb line and an 

7 attitude sensor. *.:-,•• 

1 , .5. , The, :: portable terminal . of claim 3, wherein the" 

2 . .antenna controller maintains . the antenna. -beam of - .the 
3. . r . . -directional, t ^3jtpenn^ ( toward, the ^satellite based on -a; 

4 position of the , satellite and the, steering inf qrmatipn of 

5 . . ;the t portable . terminal, generated, by t the steering 

6 inf ormat ion -determining device. . ». 

1 • . . - .- t .6 . : j ,The. .portable -terminal • of claim.- ■ t 5 , - further 
2. comprising/; a.-, database,, wherein: . the ^ antenna - controller 

3 determines the position .of , the , satellite based on at least 
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4 one of data retrieved from the database and position data 

5 received from the satellite. - ----- 

1 7. The' : -'/portable* ' -terrrixnkl ' ' 6f -'claim '6, further 

2 comprising a clbck/ *■■ * Whe f rfein ■ fhfe ^rit^nna controller 

3 determines ' the * position* ■* 'of ''the * satellite by generating 

4 orbital ■ information based' '6i\ the retrieved data ahd the 

5 clock. " " f: ' J "° * ' M - J ' : ' < *• ' • ; " ; 1 ' ' : ! 

1 "fti '' The- portable' terminal 1 b'f <blaitn 5, wlierein the 

2 antenna controller transitions ftom" communicating 'with the 

3 satellite to communicating : with anbther satellite by one 

4 • of ^STiapping : ! the Antenna* 1 - 'beam J and J ; bridging the antenna 

5 ■'• beamV-^'' " ' — '* v :l " ° : ; r *' t; 

1 *■ - . 1 ' ; ^9 ^' " ' : " The p6ir-table- : te'^mirikl b* 1 "claim : 8 \ wherein the 

2 antenna :l controller^ sWap's ' the' aritenha tr Beam- ■ frbtn the. 

3 satellite' to the 'another ; satellite' at* a 'time determined r by 

4 one of the antenna controller and a synchronisation signal 

5 ■ from .fche'i - gat el-lit feY ; • lillC ' ; J '- ;M - J - 

1 - : 10 :) : The* v por-tkblie-' termifciSl of "''claffri ; 8, 'wherein the 

2 antenna J controller ;i; brd^dehs f ' tTile* J ^aHteriha 'bteam "to 

3 . communicate*- 3 With fchfe I sa'fcellite^^L + h!d r J t'he ! anbther satellite 

4 simultaneouslY/ :> the 1 f > antenna ^ ybrittbllef ' ref orming the 

5 broadened ; ;! aht^hn : a ; '^beaiM ''to !: ^redt u ^hW ,L ^h£ennS l ' beam 1 toward 
G ; the r another ' satellite' at- 1 aPtirfte 0 ^ at least one 

7 of the 'antenna* 0 cont'roll^err ;' : 'the' - iat'eltfitte : Snd'-^the ' "Snot her 

8 'satellite . ' :; - J ^'^ i-iui:*^ 

1 11. The. ^portable 1 terminal' r i ;T;i 6'f * claim ' 1, - 1 further 

2 comprising: r.^i^ ■« 1 ' 

3 - a * p'rbjcimity -detector ; iJ wherein the antenna 

4 . controller ad j ust's' 1 one • of - r 'a' 1 shape l bf : the 1 antenna ' beam , a 

5 direction— of the- 1 anterink iDe'am'' and "a""* power of the antenna 

6 ' : •beam ba'se'd oh the 1 butput of ' the proximity detector ': " 

1 . 12-.' The portable ' terminal K 6f claim 11; wherein the 

2 antenna controller reduces a r I f)bwer ! transmitted- by the 
3 1 -* antenna ifi beam when the- 'proximity 1 detector detects an object 

4 > ; -Within - a predetermined^ distance^ J f rorfv at lfeabt ' one of the 

5 antenna beam ■ an& the portable' terminal : i)J • • " - • 1 
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1 ' : ' 1 : -' : --l3v ; The portable terminal of claim 11, wherein the 

2 i "-.'- t 'antenna cdntrbller * ou^jpUt^;, ;an alarnr >when * the ^proximity 

3 1 detectdr'.: ; defee'cts the ^ : iobj'ect within, i a --ii predetermined 

4 distance from a path of the antenna beam. L r - . . - 

1 - 1 / \< < --f 14 . The "portable • ' terminalor'bf'': claim 1, further 

2 -comprising:*' ■*-..'**'"- :>n : = * v.- .w > 

3 a database; and 

4 ; ^ at * Global Positioning* Sys fern signal receiver that 

5 o receives:: 'Global Positioning - system ^ signals , ' wherein the 

6 antenna' 'coaitrdller '.^determines 1 an elevation angle - of the 

7 ;. satellite based* on a - position of .> the ■ satellite and a 
8' '' 'position" of -th"e> portable i terminal,.' the position -of the 
9 ■• satellite being:- determined -based on data in 1 the^ database 

10 ■ • ahd the pbsition' -of the; J portable" terminal being determined 

11 --based on the Globally Positioning System" signals; the : 

12 antenna ! cGritrolleif fbrming- a fan;' beam- at the*: determined - 

13 : ■ elevation '-"an^le > : -the * -fan beam -'being directed at the 

14 / ! - satellite' if* 1 the' - portable - terminal is maintained*; at a 

15 preset"-' attitude ; -and r a> 'bearing ' gene-rally 'facing the 

16 ' rt '' satellite.'- - - a*''?.-. (V* : J rr i : «. :■ ...i-- ■-»:'.. , , . 

1 15. The portable terminal of claim 14 ^' wherein the. 

2 \ v - ' "phffeset attitude d/s> vertical ."-o :*'o..; " . "j v >. . 

1 ' ,_? " { - J fV l6 . ' ~ j Th r d -portabii terminal dfi claim • 1, '.wherein. the 

2 i ? - ] ' satellite* ds r> 6hie of : a l ge6st ; atdonary earth orbit satellite, • 

3 a medium altitude eartfh ^ orbit 'satell i^e / a *low.. altitude<- 

4 ■ earth orbit satellite •>--' an ^ intermediate; circular orbit 

5 * satellite a rid < r a geo-helio -synchronous' orha ; .'satellite. 

1' :< 17 . ' ^The^ portable' terminal o : f el.;a:i,rr;: wherein the 

2 ' directional 5 antenna' is--'a : -phase:d 'array anr cnna.'. < : r ..• 

1 18. The portable terminal; of : cla^m \.n. , wherein the 

2 ' phased -array "■• antenna" : is>6ne of i j a f planar - phased array 

3 '■ antenna and a* volumetirlc phased- array antenna.' ■ '.*!'-. 

1 ' ■' 19 . ! t A method ' for : 'operating' a portable' terminal, 

2 comprising: 

3" ' ;t - . : < ■'■ forming "- ari ; ;: -antenna j beam 6f a • directional 

4 ' Antenna ; 'and ** u '-- : - *• ■ '■: ; " ' 1 
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5 : . determining ,a LdireiCti.bn. of j the antenna beam 

6 base,d on information 1 genexafeedbjy/'/ a .i portable, t^nmirxai to 

7 alloW the port/able terminal to comnicat^ with a 

8 satellite. , r^oc ■■■^.° , .tm r i • ; *iJf, r u'ioi ; •):Hi'; , ";i;; 

1 20. The. method- ;rofi claim.: 19;,,- f lurX'her :> : comprising 

2 directing the antenna beam in the direction? r generated by 

3 the determining step. ftm \ r ftb 

1 ;.- • 21. The method of claim;r l^> oof urther comprising 

2 generating steering .information J that includes i: a position, 

3 . • ,a beaming and an > ^ttitude^of the; *porit able /terminal,. , r 

1 .2.2. rrrThe method .of ■ &laim - , 21 wherein- the* ..steering 

2 information is generated .. baded : \ ana data received from a 

3 Global j Positioning . System usignal\:f-,rec,edve-r that- receives 

4 Global '(Positioning*, System -i signals andi ...steering .^information 

5 * seiisqrs 1 . that- include- iat..- least ;\ one -.of a compass, /^ a 

6 . /.gyroscope, a plumb line ancj. an. atfcittu$e ; „,senjspr 

1 . . .:■ .=> : ^23j.y ■ The - method -<D'f .Qlaitrv; j 21 , - f further; t comprising 

2 > - maintaining the :ant|enna> beam., -of , the.j direct ional,/ ,-antejna 

3 toward the satellite . based on a ■ ©psifeipn, of the ,,sateliite 

4 and the steering information generated hy<-< ; tl^e portable 

5 . terminal. '^i , '* .... . ... «•£.•_*)! oi s leL.-.::i xeq •■$»•[ '\ . ." _ 

1 24. The method of J ;claim> v . v . Jur f ther ■ comprising 

2-; determining ..the ppsitiipn- of tjh^ s jsaSelljite ,based on at 

3 • : ; : 'least one of; data * ret^iev^ci,. : ^r^m i£ abase, and . posit ion 
4-. ■■ *.! data, received f rom -the jsstellit.e^ iL-r-?.- 1 1 >: . ■•• 

1 25/ The- i. method; / of { cl^aim - ^j24u-o further : . comprising 

2 generating' orbital -injf orm^atioAi -basecl Q.n jthe retrieved data 
3.; ! and a clock,, .the determining th;e ^position -of the satellite 

4 step determining the position^- of ^ffches , :; sat:,el ; lite : based on. 

5 - : the orbital informal ipn, f , v ■■ \ ■>>[ 

1 .26.. The njethodr of claim; 23 ,. M further.. comprising . one of- 

2 snapping and - bridging; the : antenna,, beam . to transitipn from ; 

3 , : » ..c.ornmuni eating with the f sate.llit£ lJ; .to ; communicating with 

4 another satellite. : ;.«,- 

1 f ; 27;.. The method . ;Of : clairn ; . 26 , .,. wherpin snapping the. 

2 antenna beam comprises determining a ? time . to . -snap the 



WCfc98/29968. ' 



34 



PCT/US97/24170 



antenna beam f rom the' re a tell- -it e to the ariother : satellite , ' 
, - V - the.; time; being determined-': by one ; of the Antenna-' controller 
. • ,and receiving-, a synchronization- signal- • received 1 from the 
1 1 T .satellite--- . : J- *• 

28. The method ; of claim : 26, wherein- bridging the 
antenna, beam, comprises.: r. . ; , . ... &i\ 

broadening the antenna beam to communicate with 
; , .the satellite, and the another .'.satellite?- simultaneously; 
and !•:.■■■:» . ." . i • . t 

J* ... reforming the • broadened antenna : beam to direct 

the- antenna: ■: beam toward, the another , satellite J at 1 a time 
determined by at ■ JUe&str ;.one of the antennae-controller , the 
' ' f satellite, and^the 'another . satellite . r ' ; ' : ' 

29....: The; -method 6f>; claim 19 ; -, further comprising: 

• generating proximity^ information of an object; 

adjusting::;^ fcher. antenna - beam based - ; 'Gn the 
proximity information output by the generating step. 

30. The method of claim 29, wherein the adjusting 
step comprises one of reshaping the antenna beam, changing 
the direction of the antenna beam and reducing a power of 
the antenna beam. 

31. The method of claim 30, wherein reducing the 
power step is performed when an object is within a 
predetermined distance from at least one of the antenna 
beam and the portable terminal . 

32. The method of claim 29, further comprising 
outputting an alarm when the object is within a 
predetermined^ distance from a path of the antenna beam. 

33. The method of claim 19, further comprising: 
determining an elevation angle of the satellite; 

and 

forming a fan beam at the elevation angle, 
wherein the elevation angle is determined based on a 
position of the satellite and a position of the portable 
terminal, the position of the satellite being determined 
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8 based on cjata in a datab&sevof ^ the portable ^terminal and 

9 . . the ; position : . of the . portablexn^erminal - being* - 'determined 

10 based pn,.. Global^ Positionxrugiceystem signals , "-the ; f ah beam 

11 being directed at the satellite if the portable terminal 

12 is .maintained/at a" presets attitude. ' : * s 

1 34. The method of claim ■ 33;: wherein' t'he r 1 preset 

2 attitude: is vertical.: v ^ - < \ a >- v ' : 

1 ;./i3.§. i . The method of ; 5 claim • 19*, whereih ? the 'satellite is 

2 one of a geostationary earth orbit satellite, a !i medium 

3 . .. altitude < earth orbit satellite,' a ■: low ■ altitude earth orbit 

4 satellite,: ,an intermediate; dircular ^orbit- satellite and a 

5 , geo-rheli-Q: : ; ; syn ; qhrpnoy& ;:or;bit rsateillsUteu-- v - • .r .i. 1 

1 36. The portable , terminal >i of . -claim ^19/ • wherein the 

2 directional antenna is a; phased drray-Nanfcfiftna..t ;«* 
1. - t , 37. .The ; -.port able terminal of .. claim 36, wherein the 

2 phased array antenna is one of a planar phased array 

3 . antenna, and ,a volumetric phased array; cant enna . 
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rtfecfe that mav interfere with the antenna beam. The proximity detector includes infrared sensors, sonar detectors motion detectors and 
opK ^^ES£ a range and bearing of objLts that may interfere with the ^^^^^^^S^ 
interfere with the antenna beam, an alarm may be activated to warn the user and/or the object of potential harm from the electro-magnetic 
energy transmitted by the directed antenna. 
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